The biodiversity intactness index may underestimate losses
To the Editor -The biodiversity intactness index (BII) is a high-profile metric of an area's average abundance of wild species relative to that in pre-modern times 1 or in primary vegetation under current climatic conditions 2 . It has been endorsed by the Group on Earth Observations of the Biodiversity Observation Network, adopted by the Intergovernmental Platform on Biodiversity and Ecosystem Services as a 'core' indicator of progress toward the Convention on Biological Diversity's Aichi Targets 12 and 14. We strongly support development of spatially explicit indicators such as the BII, which can be used to prioritise areas for conservation interventions. However, it is important that the metric is as robust as possible, and we have noticed several unusual features of the BII that concern us. Newbold et al. 2 mapped the BII globally by modelling thousands of field-derived estimates of the abundance of individual species as a function of human-induced pressures and then extrapolating their model using remote-sensed land-use data. The resulting layer gives an estimate, for those species that would occur in an area's primary vegetation, of their current average abundance as a proportion of that expected in the absence of human activities; hence, a value of 50% would indicate that the species originally present are on average only half as common in an area now as compared with pristine conditions. However, in some regions, BII values seem surprising. For example, the BII exceeds 90% in much of Southeast Asia, Indonesia, Central America and eastern Madagascar -where widespread habitat loss is linked with a high proportion of threatened species. For example, in Madagascar, the populations of 34 (out of 98) lemur species have declined by at least 30% in in the last four decades alone 3 . In a finer-scale analysis of the United Kingdom 4 , the BII exceeds 50% even in the centres of large cities, and it peaks (at >95%) in large plantation forests of non-native conifer trees.
A recently mapped synthesis of estimates of current biomass of vegetation relative to that in the same location without human disturbance, which we call biomass intactness (BMI) 5 , allows a more systematic assessment of the BII's performance. In aggregate terms, the global average of the BMI is estimated to be half of what it would be in the absence of human land use -in contrast to the estimate by Newbold et al. that the average terrestrial BII stands at almost 85% (ref. ). Turning to spatial patterns, because anthropogenic habitat loss and degradation together constitute the greatest driver of wild populations' declines, we expected the two indicies to broadly co-vary in space -despite the fact that plant biomass and community-wide abundance metrics measure different aspects of biodiversity. That said, in some degraded forests, it is possible that BII exceeds BMI 6 , and, more generally, we expect BII values to be lower (sometimes substantially) than BMI values because current biomass typically includes non-native vegetation and because biodiversity faces many threats besides habitat loss.
In practice, the two indices exhibit limited agreement. In many arid or semiarid areas, the BII, as calculated by Newbold et al., is considerably lower than the BMI (blue in Fig. 1a) . But in many areas with low BMI -much of Europe, China, India and Brazil -reported BII values are high (red in Fig. 1a) , suggesting that, despite the removal of most primary vegetation, reduction of species' populations have been far less severe.
A comparison of the BII with the human footprint index 7 (HF), a composite measure of anthropogenic pressure on natural ecosystems, confirms the impression that BII values are unusual: BMI values decline, as expected, as HF scores increase, but, contrary to correlations between species extinction risk and HF 8 , BII scores do not (Fig. 1b,c) . Of course, both the BMI and HF are also likely to have problems that may add noise to any correlations between the three metrics, but we would not expect this to remove any relationship between BII and the other two metrics, as we show here.
The mismatch between BII and BMI values is most striking in global biodiversity hotspots (priority areas of exceptional endemism that have lost ≥70% of their primary vegetation 9 ; red in Fig. 1d ). As expected, hotspots typically have low BMI scores. However, the BII suggests that their biodiversity is apparently more intact than elsewhere. For example, in the Sundaland, Indo-Burma, Philippines and Madagascar hotspots, while the BMI confirms substantial loss of primary vegetation, the BII estimates that native species populations have on average declined by <10% (ref.
2 ). Indeed, across the 32 hotspots for which we have both BII and BMI data, mean BII and BMI scores were negatively correlated (r S = -0.595, P = 0.0003); hotspots with less intact plant biomass have higher BII scores.
We believe that measuring the relative intactness of species assemblages with metrics like the BII can be a useful indicator of the state of ecosystems. But given our results, we urge caution in accepting that biodiversity is as secure as the current BII indicates. To improve credibility, we suggest that revised BII estimates should exhibit plausible co-variation with metrics such as BMI, HF and others; should generally be far lower in hotspots, cities and other foci of habitat conversion than elsewhere; should, when aggregated to global level, show reasonable alignment with global estimates of habitat, biomass and population change; and should be able to distinguish between ecosystems with similar structure but dissimilar biodiversity value, such as primary forests and plantations. It is unclear to us why the BII is unexpectedly high in many areas where HF is high and BMI is low. If this results from bias in BII, its causes should be identified. Last, revised BII values should be ground-truthed in a manner similar to that for remote-sensing data on other metrics such as land cover, by comparing modeled estimates with detailed new survey data of several taxa at a stratified random sample of sites. Without such rigorous validation and testing, we believe it would be unwise to use the BII to guide conservation policy. 
